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Abstract 
Here we report the role of pretraining dorsal raphe nucleus (DRN) functional inactivation on spatial learning in Morris water 
maze (MWM) task. Male rats were divided into four groups: control, sham operated, saline injected, and DRN inactivated. Saline 
injected group received saline and DRN inactivated group received tetrodotoxin; whereas sham operated group and control group 
received no injection. Our findings were: 1) Functional inactivation of DRN impairs acquisition of spatial reference memory; 2)
Reversible inactivation of the DRN impairs retention of spatial reference memory; and, 3) DRN inactivation has no effect on 
visual acuity.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The cell bodies of serotonergic afferents of the forebrain are in the dorsal and median raphe nuclei (Takagi, 
Shiosaka, Tohyama, Senba, & Sakanada, 1980). Ascending projections of these two nuclei travel through the medial 
forebrain bundle (Takagi et al., 1980). Although numerous lesion studies in rats have addressed the role of the 
serotonergic system in cognitive behavioral tasks, the literatures concerning the role of serotonin (5-HT) in 
cognition still remain unclear. Experimental studies on animals have provided evidence for the serotonergic system 
being involved in cognitive processes (Decker & McGaugh, 1991; Dutar, Bassant, Senut, & Lamour, 1995). For 
example, lesions of raphe nuclei, induced by 5, 7-dihydroxytryptamine (5, 7-DHT), impaired delayed spatial 
alternation in a T-maze at a long delay (60 s), but not at shorter delays (5 and 30 s) (Wenk et al., 1987), thereby this 
indicates an impairment in working memory. On the contrary, p-Chloroamphetamine (pCPA) lesion of the 
serotonergic system, enhanced learning of rats trained in the stone 14-unit T-maze, a task which can be considered 
to be dependent on working memory (Altman, Ogren, Berman, & Normile, 1989). It has been reported that 
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intraventricular 5, 7-DHT lesion greatly potentates the learning impairments of rats obtained after septal lesion. 
Furthermore, pCPA -treated rats were more sensitive than their controls to the disruptive effects of atropine in the 
water maze task. This effect was seen both in the initial acquisition of the task and in reacquisition when there was a 
novel platform position (Altman et al., 1989) 
It has been shown that lesion of serotonergic fibres of DRN does not significantly impair delayed in non-
matching to position as a model of spatial learning (Ruotsalainen, Miettinen, MacDonald, Riekkinen, & Sirvio, 
1998). Moreover, lesion of median raphe nucleus, induced by 5, 7-DHT, aggravated the scopolamine (0.8 mg/kg) 
induced learning deficit in the Morris water maze (Riekkinen, Sirvio, Valjakka, Miettinen, & Riekkinen, 1991). 
In many of these studies, the DRN was permanently lesioned and then its role in memory was evaluated 
according to the observed deficits. However, this methodology does not distinguish the significance of this structure 
for acquisition, consolidation, storage and retrieval of the memory trace. In addition, since relatively prolonged post 
surgical recovery is needed, synaptic reorganization or retrograde degeneration may influence the result. These 
difficulties can be resolved with reversible inactivation procedures (Gtay & McNaughton, 1983). Unlike permanent 
lesions, reversible inactivation allows us to test the effects of temporary elimination of the target structure during 
learning and determination of extent of deficits when the brain is again functional. In this way, it is possible to 
decide whether impaired performance during the period of temporary inactivation is due to non-specific deficits or 
to a restricted impairment of learning. In the literature, reversible inactivation was mostly performed with 
tetrodotoxin (TTX) (Cimadevilla, Wesierska, Fenton, & Bures, 2001; Fenton, Arolfo, Nerad, & Bures, 1995; Fenton 
& Bures, 1993) or lidocaine (Bohbot, Otahal, Liu, Nadel, & Bures, 1996; Parron, Poucet, & Save, 2001; Sandkuhler, 
Maisch, & Zimmermann, 1987). Because of their action on voltage-dependent sodium channels, both drugs induce a 
generalized blockade of neuronal function (Hille, 1966; Narahashi, 1972; Ritchie, 1975). However, TTX and Lido 
are differing in their efficiency. lidocaine produces a short-lasting blockade, characterized by almost immediate 
effects lasting about 10–20 min and recovering over the next 30–120 min (Fenton & Bures, 1994; Malpeli & 
Schiller, 1979; Martin, 1991; Sandkuhler et al., 1987), whereas TTX blockade is maximal between 30 and 120 mins 
after administration, decays exponentially, and generally vanishes within 24 hrs (Zhuravin & Bures, 1991).  
Recently we have shown that permanent lesion of the DRN impaired spatial learning in MWM (Sarihi & Sankar, 
2009), but there was a doubt regarding the angle of the cannula implantation, lesion method, role of this nucleus in 
different stages and the effects of lesion on visual accuracy. To solve this problem, the present study was designed 
to test the effects of temporary inactivation of the DRN on reference memory in the Morris water maze task by using 
the different surgical method for cannula implantation and also to test the role of this nucleus in visual accuracy.  
2. Method
2.1. Animals 
The protocol of the study was approved by institutional animal ethical committee of Hamadan University of 
Medical Sciences, and all animal experiments were carried out at Department of Physiology, as per guidance for the 
care and use of laboratory animals prescribed by institutional animal ethical committee. Naive adult male albino rats 
weighing 200 - 300 grams were obtained from the breeding colony of the institute. They were housed 5 per cage and 
maintained at constant temperature on a standard 12:12 h light/dark cycle with lights on at 7:00 a.m. Food and water 
were freely available while the animals became adapted to the laboratory and for up to 5 days following surgery. 
2.2. Surgery 
Approximately 10 days prior to initiate of the behavioral experiments, the rats were anesthetized with sodium 
pentobarbital (50 mg/kg i.p.) and implanted with a cannula (15 mm, 23 gauge) aimed at a site immediately above the 
DRN, AP: -7.8 mm from bregma; ML: 0.0 mm and DV: 4.5 mm below the dura mater according to the atlas of 
Watson and Paxinos (1982). That is in our last paper (Sarihi & Sankar, 2009) we used AP: -12 mm, ML: 0.0. and 
the cannula was inserted in the sagital plane at a 300 angle from the vertical to a depth of 7 mm below the dura mater 
which is different from those in the present paper. The cannula and the two anchoring screws were fixed to the skull 
with dental cement. Penicillin (0.2 ml i.m.) was administered immediately after the surgery. Before behavioral 
experiments were operated, animals were randomly divided into three groups; sham operated, saline injected and 
DRN inactivated. 
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2.3. Micro-injection procedure 
In control and DRN inactivated group, before injection, the animal was restrained by hand and the cannula stylet 
was removed and replaced with a 30 gauge injection needle which was connected to the Hamilton syringe by a short 
piece of polyethylene tubing. The needle was inserted 0.5 mm beyond the tip of the cannula. 0.5 µl of saline or 0.5 
µl of TTX (Sigma) (5 ng/l) was injected during 1 min in saline injected and DRN inactivated groups, respectively. 
The needle was left in place for another 60 s before it was slowly withdrawn. Sham operated group and control 
group received no injection. 
2.4. Apparatus 
As we mentioned in our previous paper (Sarihi & Sankar, 2009), the water maze which we used was a dark 
circular pool, 140 cm in diameter and 55 cm high filled to a depth of 25 cm with 20 0C water. A clear plexiglass 
platform (11 cm diameter) stood 1 cm below the water surface in the center of one of the arbitrarily designed north-
east (NE), south-east (SE), south-west (SW) or north-west (NW) orthogonal quadrants. The platform provided the 
only escape from the water. The room that housed the water maze contained numerous extra-maze cues such as 
racks, a window, a door, shelves, etc. 
The position of the animal was monitored by a camera mounted above the center of the pool. The rats were 
marked by a light emitting diode (LED) in a ping-pong ball that was held on the rats back by a rubber jacket. Power 
supply of the LED was inserted to a thin counterbalanced cable. The camera signal was digitised and fed to a 
computerised tracking system which monitored and stored the position of the rat every 100 ms. Thus, it was possible 
to record, in real time, the swim path of each trial and to estimate the escape latency, the total length of the swim 
path as well as the time spent in any designated area of the pool. 
2.5. Reference memory testing in the water maze 
2.5.1. Habituation 
Twenty-four hours prior to the starting of training, rats were habituated to the pool by being them allowance to 
perform a 3-min swim without a platform. 
2.5.2. Training 
On each trial, the rat was placed into the water at one of the four cardinal points of the compass (N, E, S, W) 
which varied from trial to trial in a quasi-random order. The rat had to swim until it climbed onto the escape 
platform. If it failed to locate the platform within 60 s, it would be guided there. The rat was allowed to stay on the 
platform for 20 s after which the animal was rotated once or twice before being released from the next start position. 
After the last trial, the rat was towel dried and placed in a holding cage under a heating lamp before it was returned 
to the home cage. Rats received 8 trials per day (two blocks separated by a 3-min interval) for 3 consecutive days. 
Performance was tested twenty-four hours after the last training day in a probe trial during which the platform was 
removed and the rat was released from the north and its locomotion was monitored for 60 s to check visual acuity, 
we used visible platform which during this test was placed 2 cm above the water and rats could see it. The rats were 
placed into the water at one of the four cardinal points of the pool allowing swimming and staying on the platform 
and escape latencies were recorded.  
2.5.3. Experimental test paradigms  
Saline injected and DRN inactivated groups received saline or TTX, 5 minutes before the commencement of 
training sessions on each day. Escape latencies were determined during 3 days of training sessions. Obtained values 
from each training block were averaged; thus a total of 6 blocks of training sessions were scored. Twenty four hours 
after the 3rd day of training, i.e, on 4th day, animals were tested in a probe trial to determine the time spent in each 
quadrant. Animals were released in the maze with the platform removed. Probe trial lasts for 60 seconds after which 
animals were removed from the maze. To determine the effects of DRN inactivation on visual acuity, on 5th day, a 
probe trial was carried out similar to the one conducted on the 4th day; instead of removing the platform, in this 
probe trial, a brightly colored platform protruding 2 cm above the water level was used.  
406  Ahvan Ghaderi et al. / Procedia - Social and Behavioral Sciences 32 (2012) 403 – 410 Ahvan Ghaderi / Procedia – Social and Behavioral Sciences 00 (2011) 0 0–000  
2.6. Histological procedures 
At the end of each experiment, the animals were deeply anesthetized with sodium pentobarbital and 1l
Pontamine sky blue was injected via the injection cannula. The perfusion-fixation was performed intracardially with 
saline followed by 10% formalin/phosphate buffer solution. Then, the brains were removed and post-fixed in the 
same fixative. Paraffin sections were prepared and stained (H & E) for histological examination. The location of the 
cannula was verified by examining enlarged projections of the slides. The volume of TTX injected into the DRN in 
these experiments has been reported to spread from 0.5 to 1.5 mm from the site of injection (Martin, 1991; 
Sandkuhler et al., 1987). Therefore, a cannula positioned more than 0.5 mm from the intended site of injection was 
not included into the statistical analysis.  
2.7. Statistical analysis 
The data were analysed by one-way and two-way analyses of variance (ANOVA) with repeated measures 
followed by follow up Tukey’s test for multiple comparisons. Student’s t-test was used to compare two independent 
groups.  
3. Results
3.1. Experiment 1 
The aim of experiment 1 was to determine the effect of inactivation of the DRN on acquisition of spatial 
reference memory. Statistical analysis showed that the mean escape latencies of the four groups were not different 
on the last block of acquisition. While there was a significant difference between DRN inactivated and other three 
experimented groups. DRN inactivated group showed learning curve, and reached the same escape latency as 
control groups on last block of training. 
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Fig. 1. Effects of reversible inactivation of the DRN on acquisition of spatial reference memory. The animals 
were trained with two blocks of four trials per day during 3 consecutive days. Intra-DRN injection of TTX or saline 
was applied 5 mins before each training session. The columns represent the mean (+ SEM) escape latency in each 
block. n = 8 for each group. *p < 0.01, **p < 0.001 significant difference compared to the control group.  
3.2. Experiment 2 
The aim of this experiment was to determine the effect of pre-training reversible inactivation of DRN on retrieval 
of spatial reference memory. Fig. 2 shows the results of the probe trial on day 4. Tukey’s test indicated a significant 
spatial bias to the goal quadrant in control, sham operated and saline injected groups but not in DRN inactivated. 
This indicates that inactivation before the training impairs retrieval of spatial reference memory. 
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Fig. 2. Probe trial result in rats under intra-DRN injection of saline or TTX before training. No platform was 
presented and rats received intra-DRN injection of saline and TTX 5 mins before probe trial test. The columns 
represent the mean (+ SEM) time spent in each quadrant % of total. Target (goal quadrant), the quadrant opposite the 
goal, and adjacent quadrants 1 and 2. n = 8 for each group. ***p < 0.0001, **p < 0.001 significant difference 
compared to the goal quadrant. 
3.3. Experiment 3 
The aim of experiment 3 was to examine the effect of DRN inactivation on visual acuity.  
On day 5, the animals received an intra-DRN injection of TTX or saline 5 mins prior to the visible platform test. 
Fig. 3 illustrates the mean escape latencies of four trials in visible platform. No significant deference was observed 
between experimental groups in four trials. This indicates that inactivation of DRN has no effect on visual acuity. 
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Fig. 3. The effect of DRN inactivation on visual acuity in visible platform test. The columns represent the mean (+ 
SEM) escape latency. n = 8 for each group.  
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4. Discussion 
The main findings of the present study were: 1) Functional inactivation of the DRN impaired acquisition of 
spatial reference memory; 2) Reversible inactivation of the DRN prior to training impairs retention of spatial 
reference memory; and, 3) DRN inactivation has no effect on visual acuity.  
Several lines of evidence indicate the effect of serotonergic systems on spatial memory. Previous studies have 
shown that the global depletion of 5-HT has little effect on spatial memory tasks such as MWM or delayed non-
matching to position (Richter-Levin, Greenberger, & Segal, 1993; Sahgal & Keith, 1993; Steckler & Sahgal, 1995). 
One previous study indicated that the serotonergic system did not appear important for place learning in the MWM 
(McNamara & Skelton, 1993) and reduction of serotonin synthesis had also no effect on the performance of water 
maze task. An interaction between cholinergic and serotonergic transmission in acquisition and retention of spatial 
information has been reported (Richter-Levin & Segal, 1991).  
There is a high density of 5-HT1A receptors in the DRN where they act as presynaptic somatodendritic receptors 
(Sprouse & Aghajanian, 1988). Stimulation of these receptors reduces 5-HT synthesis and release in various brain 
regions (Bonvento, Scatton, Claustre, & Rouquier, 1992; Invernizzi, Carli, Di Clemente, & Samanin, 1991) and 
causes changes in various forms of motivated behavior such as feeding (Bendotti & Samanin, 1986). Recent 
evidence suggests that 5-HT1A receptors in the DRN are also involved in the regulation of spatial learning (Carli, 
Bonalumi, & Samanin, 1998). Since low doses of tetralin (8-OH-DPAT) may preferentially affect presynaptic 5-
HT1A receptors (Hjorth & Magnusson, 1988), relatively low doses of 8-OH-DPAT should attenuate the learning 
deficit caused by intrahippocampal scopolamine. 
Our results indicate that spatial reference memory is affected by functional inactivation. Reference memory is 
acquired and incremental learning, in which learned information is repeated in every trial of training, occurs. This is 
not true for working memory where learning proceeds in a single trial. Whereas in most of the previous studies only 
the level of serotonergic transmission in the brain was manipulated, in the present study the injected TTX into the 
DRN blocked not only serotonergic but also DRN non-serotonergic output – important for spatial learning and 
memory (Takagi et al., 1980; Trulson, Canon, & Raese, 1985). 
Altman et al. reported that learning in rats trained in the Stone 14-unit T-maze was significantly enhanced 
following selective destruction of central serotonergic presynaptic terminals (Altman et al., 1989). However, several 
regions such as hippocampus are suspected to play important roles in the observed effect on learning and memory. 
Hippocampus is one of the neuroanatomical structures that has long been regarded as involved in learning 
information, particularly spatial information (Kametani & Kesner, 1989; O’Keefe & Nadel, 1978; Tulving, 1972). 
Although 5-HT has previously been identified as possibly playing a role in hippocampal information processing.  
Taken together, the results of the present study and previous studies suggest that 5-HT plays an important role in 
one or more hippocampal pathways critical to the processing of spatial information, though the results are 
controversial. This discrepancy may be because of the fact that these studies manipulated only the level of 
serotonergic transmission in the brain. The present study, however, not only injected TTX into DRN block 
serotonergic, but also DRN non-serotonergic output.  
It has been suggested that synopses in the hippocampus in which transmission is influenced by serotonin and 
acetylcholine are crucial for normal acquisition and retention of spatial memory (Matsukawa et al., 1997). Synaptic 
transmission by biogenic amines may be a basic mechanism for neurobehavioral plasticity (Matsukawa et al., 1997). 
In conclusion, based on our results DRN ablation impairs spatial learning and long-term memory. These results 
confirm our previous report, regarding the positive role of the DRN in acquisition and retention of spatial references 
memory. Also, by using temporary lesioning procedure, we found that DRN inactivation has no effect on visual 
acuity.
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